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ABSTRACT

The purpose of t h i s  f i r s t  p hase  of a study on the morphology of p l a n e t a r y

waves was to estimate global temperatures for the upper stratosp here and lower

mesosphere from the rad iances of the SCR-B experim ent on Nimbus 5. This has

been successfully achieved using a regression of the radlances on meteorological

rocket data. In genera l , the accuracy of the retri ev ed t emperatures . i. e.

standard deviation of the error , varies from about i”N at 10 ntb to about

5.S°K at 0.4 mb as compared to meteorological rocket values. Layer mean temper-

atures are about one-half degree more accurate than temperature ’s at the border-

ing levels. Details of the procedure , which included extensive prior prepara-

tion of the radiances , are given here. Global temperatures at 10, 5 , 2, 1

and 0.4 mb along the orbit , and the mean temperatures (thicknesses) between

the levels , are now ready to apply to the next phase of this stud y, which will

obtain hei ghts of those surfaces at latitude -longitude grid points. The p lanetary

waves will be computed from these grid point values.
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I. INTRODUCTION

TIe past several y e ar s  h av e  seen a t remendous  surge  of i n t e r e s t  in the

upper a tmosp h e r i c  t e g i o n s  ab ove  10 nib .  B e t t e r  know l ed ge of t he  dynamics  and

thermod ynamics of th e s e  r eg i o n s  is now seen to be essential to improved under -

s tand i ng of , fo r  exam p le , ozone p h o t o c h e m i s t r y  and f l u x , the  morp ho logy  of

stratosp heric p lanetary w ave s and warmings , and p o s s i b l e  l i n k s  between upper

and lower a tmosp h e r i c  p henomena . In particular , t emperature perturbations in

the r eg ion  may be u s e f u l  p r e c u r s o r s  of perturbations in the  t roposphere , i . e .

wea the r  a n o m a l i e s .

One of the f i r s t  r e q u i r e m e n t s  ~ f such research is a d a i ly  data  set which

is much more com p l e t e  in s p a t i a l  coverage than  any p r e v io u s ly  available data

se t .  The purpose of t h i s  C i t - s t  phase of t I i~- stud y was to p rov ide  g lobal

tempera tures  above 10 nib f rom the SCR- B rad iometer  on Nimbus S fo r  1973- 1974.

In v iew of the exper ience and improvements  gained in process ing  SCR-B . the

SCR-A data , from Nimbus 4 , 1970 -1972 , have been processed in the same manner

so t h a t  the  e n t i r e  da t a  set is c o n s i s t e n t .  A description of the process ing

used in  both se ts  is i n c l u d e d  here  for convenient reference. Together , the

SCR-A and SCR-B d a t a  now p r o v i d e  a nea r l y 5-year  data set from which many

studies can be made.

U .  SELECTIVE CHOPPER RA DIOMETER DATA

A. The SCR In s t r u m e n t

From April 1970 through December 1974, two instruments , SCR-A and

SCR-B , were f lown on NAS A ’ s p o l a r - o r b i t i n g  s a t e l l i te s , Nimbus  4 and Nimbus 5,

r e s p e c t i v e l y .  The SCR ( S e l e c t i v e  Chopper Radiometer )  i n s t r u m e n t s , w h i c h  are

described f u l l y  in Re fe rences  I and 2 , were desi gned , in pa r t , to sense radia-

t ion u pw e l l i n g  from reg ions 10 mb to  0.4 mb.  The w e i g h t i n g  f u n c t i o n s  fo r  both

ins t rlnnents  are shown in F i g u r e  1; the radiances which are available for de-

termining temperature in the reg ions above 10 mb are from Channe l s  A and B

in SCR-A , and Channels B12 , B23 , B34, and B4 in SCR-B. These radiances have

been “cleaned” carefull y, regressed with coincident rocketsonde data , and

used to produce a 56-month time series of sub-orbital temperatures at 10, 5,

2, 1 , and .4 mb and mean temperatures (thicknesses) in the layers between

those levels.
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B. Data Sources

Most of the  SCR -A and SCR-B da ta  tapes  were received from the Nationa l

Space Science Data  Cen te r  ( N S S D C ) .  These were cop ies of t apes  supp l i e d  to

NSSDC by the Oxford  e x p e r i m e n t e r s .  The 48 SCR-A tapes covered the  period 27

J u l y  1970 to 30 J a n u a ry  1973. The per iod 11 A p r i l  1970 to 27 Ju l y 1970 was

covered by a set of r ad iance  tapes a v a i l a b l e  onl y at CDC . These da ta  were

ca l ib ra t ed  at  CDC some t i m e  ago from the SCR-A raw rad iances  ex t rac ted  from a

set of 800 Sensory Data  Tapes supp lied by NA SA . The 63 S C R - B  tapes covered

the period 13 December 1972 to 26 December 1974. Formats  of the NSSDC-supp lied

tapes are given in References 3 and 4. The two sets of data tapes were organized —

similarl y, but the details of the fo rma t s  were quite different as the instru-

ments themselves were quite different.

C . SCR-B Rad i ances

Examples of the calibrated radiances from the SCR-B data tapes are

ohown in Figures 2 and 3. The two orbits p lotted are nearly comp lete from the

Nor thern Hemisphere (N i l )  descending into the Southern Hemisphere (SH) and then

ascending in to  the NH again.  The da ta  were cons i s t en t  enough from poin t  to

point  so that  i t  was necessary to p lot  onl y every fifth point. The radiances

ft-our the B - d i f f e r e n c e  channels  (B 13 , B23 , B34) were p rev ious l y smoothed b y

the Oxford e x p e r i m e n t e r s .  They used a f i v e -p o i n t  runn ing  mean and app lied

i t  to the o r b i t a l  da ta  four  times . D e t a i l s  of the c a l i b r a t i o n  processing

are given in Reference  2. 
-

D . SCR-A Rad iances

Figures 4 and 5 show radiances from the two highest channels of

SCR-A at every point along one orbit in December 1971. The most s t r ik ing

feature of the SCR-A radiances is the high frequency noise , particularl y on

Channel A. These radiances were not smoothed during the calibration proces-

sing at Oxford as the SCR-B radiances were. Channel A and Channel  B were

therefore smoothed here with the filter which is discussed later .

III.  DATA EXTRACTION A~ D SORT

Pre l imina ry  processing of the SCR da t a  from the two s a t e l l i t e s  was done2



s e p a r a t e ly , w ith two S e t S  of programs. The i nput  d a t a  tape  fonnats ‘~~-re d i f f e r -

ent pr irLir i lv be cause  SC R —B had m or e  .utd d i i  Ceretit c h a n n e l s  than SCR—A . in

a d d i t i o n , the- S C R — A  r a d i a n ce s  had t o  be filtered a 1oti 1~, the o r b i t s .  However ,

most of the  t e c h n i q ue s  d e s c r i b e d  b e l o w  w er e  used on b o t h  SCR-A and SCR-B d a t a .

A.  E x t r a c t i n g  and First Sort

The c a l i b r a t e d  r a d i a n ce s  were  just a sm all p a r t  of t he  d a t a  on the

tapes r e c e i v e d  t r - m  :~~S~ (. The t a p e s  a lso  c o n t a i n e d  i d e n t i f i c a t i on  words ,

e n g i n e e r i n g  d a t ~t c o n c e r n i n g  t u e  s t a t e  of the i n s t r u m e n t  and the satel li te ,

c a l i b r a t i o n  - ‘ - i r . t m e t e r s , and da t  a f r o m  o the r  e x p e r i m e n t s .  The da ta  e x t r a c t e d

and saved on a no..- s t I  of t apes  i n c l u d e d  orb  i t  number , day , t im e  , l a t i t u d e ,

l o n g i t u d e , rad i ances , and 2-’~ f l a g  b i t s .  Some of the p r o b l e m s  e n co un t e r e d  in-

c l u d e d  s o m e t i m e s  u n r e l i a b l e  o r b i t  number , d~~v number , or time , in some cases ,

the  l a t i t u d e  and or long i t u d e  were  obv ious l y i n c o r re ct .  Somet imes  c e r t a i n

i d e n t i f i c a t i o n  records were e i t h e r  m i s s i n g  or dup l i c a t e d , m a k i n g  it difficult

to distinguish ends of orbits and ends of days. The bi ggest problem was the

data being out of order. Before the data could be filtered they had to be k
arranged chronolog icall y . The first re-sort was done by copy ing the extract

tapes and re-ordering individua l orbits or who le days that w e r e  obviously out

of order.

B. Merge CDC C a l i b r a t e d  R a d i an c e s  for  SCR- -\

A l i s t  of the da t a  m i s s i n g  f r o m  the  r e - sor t e d  SCR-A tapes  was compared

wi th  an i nven to ry  of t h e  da ta  t h a t  had been sor ted and c a l i b r a t e d  at  CDC . ‘ The

data  a v a i l a b l e  at  CDC fo r  f i l l i n g  in gaps in the  NSSDC data i n c l u d e d  every other

day fo r  the  f i r s t  t h r e e  months  of SCR-A and several  days s c a t t e r e d  th rough  the

f i r s t  year . The new da ta  were w r i t t e n  on a n o t h e r  tape in  the  same forma t as

the data ex t rac ted  from the  N SSDC tapes , w i t h  a f l a g  to deno te  the  so ur c e  (NSSDC

or CDC).  In a d d i t i o n , th~ CD C - c a l i b r a t ed  d a t a  had to be a d j u s t e d  to r e f l e c t

some changes in the c a l i b r a t i o n  p rocedure  wh i ch were  d i scovered  a f t e r  the orig-

inal calibration had been completed . The extracted data from the two sources

were then merged by copy ing to a new set of tapes. This step also took care

of a few orbits that had been missed  i n  the  p r e v i o u s  r e - s o r t .

C. Final Sort

The final sorting technique was desi gned to h a n d l e  o u t - o f - o r d e r  and

3

- . --—-—— ---- — - -~~~ ----------~-~- —~~ 
,-



_____________________  _______________________  - -

dup I. _ atc dat ,t w ithin orbits - It a I so hand led one or two o r b i t  s nea l  ut id ui gh

G~!1 t h a t  w e r e  almo st a l w a y s  ou t  of o r d er  and t ha t  wer e - not r e — s o r t e d  p r e v i o u s l y .

For each ,~4 -h o u r  pc- n od a ‘4 0U word a r r a y  was generated . T h e r e  was o f le - s l o t

in  the  ar r ay  b r  e a ~~ h i n — s e c o n d  s a t e l l i t e  o b s e r v a t  i o n  i n t e r v a l , c a l  led  .1 mt  j o r

t rame . I t  t he  t i m e  c o r r e s p o n d i ng to the f i r s t  s l o t  is  kti oi. n , the times of all

s l o t s  ar e-  known s ince  each one is lb second s alter the tie b ctoii- . Thi’ array

was p~~~i t i t ic d tø  C C V C R the peri d I rum l 2 Z  o t t o  d~~v to 12z the t o !  lowin g c l a y  -

S i n c e - t he o u t — o f — o r d e r o r b i t s  ic -jr OOZ we-re then h e i r  the i- i n t e r  ol  t h e  a i r t v  .

i t  .~as f l e b  neces sa ry  to sw i t c h  back and t o r t h  be tween  a r r a y s  f o r  d i i  I c - r e n t  d a y s

T u e  -+ 0 0 words were  f i r s t  c 1 eared  t e l zero which r e p r i s e - I l l s  ‘‘m i s s i n g ’ ,

Words  co r re spond ing  to tujj r frames w i t h o u t  good da t a  r ema in  . e I o . Each m a l o r

t r ime was t h e n  examined to  d e t e r m i n e  I t h e r e  w e r e  da ta  w o r t h  keep i ng.  A tII..L JOO

Iram e was r e j ec t ed  i f  any o f the radiances were missing , or i i  t i lt -  t i m e  or p o si -

t i e ti -...m- obviousl y bad (e.g. hour was g r e a t e r  than  23 , or l a t i t u d e  was g r e a t e r

than 80°N , or l ong i t ude was greater than 360°E). The f o l l o w i n g  p a r a m e t e r s  w e r e

saved i rom a good SCR-A ma jo r  frame : l a t i t u d e , l o n g i t u d e , Channe l  A radianc e ,

Channe l B radiant c , and a flag to distinguish the source . l’lie SCR-B parameters

saved were latitude , long itude and radiances for Channels Bl~~, B~~3 , 13 34 , iti d

B~.. The p o s i t i o n  of the  m a j o r  f ram e in the  5400 word a r r ay  was de t e rmined  f rom

the  t i me , and the pa rame te r s  were s t o r ed  in  the  ap p r o p r i a t e  word . Whe n a new

day was encoun te red , the  5400 word a r r a y  was w r i t t e n  to tape and the process

~as repeated f o r  the new day . The generated tapes were- Ve ry compact , l i a v i i ~g

two year s data per reel.

IV . ERROR CHECKING AND F I L T E R I N G

A .  S U R — I t  E r r o r  C he c k i n g

The 5CR-B da ta  were examined to i d e n t i t y and remove erron eous v a l u e s .

Latitudes and longitudes for approximatel y ten orbits in the two-year period

were found to be incorrect. These incorrect locations were identified by compar-

in.g the ascending and descending nodes (equator crossings) in the da t a  w i t h

nodes computed independentl y based on the regularity of the Nitnbus-5 orbits.

No attemp t was made to correct the erroneous locations as the amo unt  of d at a

‘-‘as small.

4
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The data series , wh ich were - norm all y quite smooth , had occasiona l

random sp ikes , wh ich .,‘ere ide nt i fi e d and removed by an the r s c r e c -n i n~; tech-

u H u e .  ~-~in i m a  and r : ax i :~a of a l l  r s d ances i n  100 l a t i t u d - - b e l t s  were  c m p u t e d

fo r  e a ch  day . I t  as f ’iud that extre me - s fo r  each l a t i t u d e  b e l t  a re  very con-

sistent f r o m  d i ;  to day ex c e p t  .,h e i ~ sp ikes  in  the  d a t a  c a i m ~~3 an u n u s u a l  m i n i m u m

or rnaxim~ns. By ex:m:ir!n~ ~~ - u  tim e series of m ini mi and maxim a i t  was p o s s i b l e

to s p e c i fy  a range- 1 a l l o w a b l e  r a d i a n c e s  fo r  each c h a n n e l  f o r  each day and

• l a t i t u d i -  b e l t .  Any r a d i - an c e s  o u t s i d e  rh0  a l l o w a b l e  ranges were  removed.  This

techni que t y p i c a l i ’- - r~~rov e -d fi - -. - er than  f i v e  p o i n t s  p er  day .

B. SCR -A E r r r C h e c ’~~~~~

The same e r ro r  c h e c k i n g  pr  cedures  j u s t  desc r ibed  f -j r  SCR- B were

a l so  app l i e d  t l  SCR-A .  A g re .l cer  amo unt  of da t a  was d e t e r m i n e d  to be bad than

was found f r  SCR -B.  S~~- en ’ eti o r b i t s  acre  r emoved because  of bad locat ions . —

The t e c h n i q u e  of s p o c i i - f i n - . r anges  of a l l o s ’a b l e  r ad i ances  a l so  worked for  F

SCR-A , even thoug h the  da ta  were  muc h  n o i s i e r .

C. SCR- A F ii  t e~j~~

Fo l lowing  t h i s  e r r o r  s c r :e n i n g ,  i t  was s t i l l  necessary to f i l t e r

the SCR-A data  to rem ove the  no i se  d e s c r i b e d  in Sect ion  I l-C .  Since Channels

A and B were to be used t - ~ :e t h e r , the  same f i l t e r  was used for  bo th  channe l s ,

a l t h o u gh A (Fi gure 4) was o b v i o u s ly  more r - isy than B (F igu re  5) . Fi gure 6
shows Channel A radiances from part of one orbit be fo re  and a f t e r  f i l t e r i n g .

A simp le running mean removed much of the random noise evident in the unfiltered

data, It was decided to use a five-point running mean , app lied four times , to

be consistent with the smoothing done at Oxford on the SCR-B data. As mentioned

in the Oxford documentation , this is essentiall y a Gaus sian f i l ter w ith a
half-w idth of about seven points (major frames). The chosen filter is shown

as the heaviest line in Figure 7. Figure 8 shows how effective this 17-point

f i l ter is in r~ noving the noise in Channel A radiances. The three short seg-

men ts shown are f rom the orb it p lotted in Figure 4.

Before the SCR-B data were smoothed by Oxford , short gaps were filled

by linear interpolation. Tests were made to determine the effects this inter-

polation would have on the SCR-A data . Five points in the center of each data

segment of Figure 8 were removed and replaced by linear interpolation. The

5
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results after filtering the interpolated segments are shown by t he dots in

Figure 9. The crosses show the results after filling the gaps with the filtei

instead of by linear inte rpolation , i.e. a missing point was fill e d  by the

wei ghted  average of the nearby non-missing points. The solid curves arc the

f i l t e r e d  r e s u l t s  from Figure  8 p lo t t ed  w i t h  a twice expanded o rd ina t e .  The

filtered values at the interpolated points are quite different from the fil-

tered values when the points are- not missing . Also , four points on either side

of the gaps are strongly affected . The filtered values for the gap and four

poin t s  on each side are  q u i t e  d i f f e r e n t  f rom the or igina l smoothed data . 
- 

-

For the above reasons , when the SCR-A data series was actuall y fil-
tered , gaps were not interpolated because of the possibility of introducing

Large errors. Data near gaps must be used cautiously because of possible

errors propaga ting from the gaps. Rather than throwing out the data neigh-

boring the gaps during the filtering process , a flag was added to the data for

each major frame. This flag showed the number of poin ts (up to 17) and the sum

of the filter weights corresponding to the non-missing points under the filter.

The f i ~~tered ou tpu t  was also w r i t t e n  as a 5400 word a r ray  for each 24 hour

period . A few data points were removed because both Channe l A and Channel B

were not p resen t .

SCR-A data a f t e r  17 Apr i l  1972 were f i l t e r e d  separately because , on

that  date , Channels C and D were los t .  Channe l C had been used in the  cal ibra-

• tion of Channels A and B before  tha t data , and , w i t h  Channe l C gone , the char-

acter of the calibrated radiances for Channels A and B changed abruptly.

V . REGRESSIONS

Af ter the radiances had been sorted chronologically and f il tered , me teor-

ological parameters such as temperatures and thicknesses could be derived f r om

them . The most reliable way to determine temperatures and thicknesses from

radiances is by regression , as described in Reference 5. Regression coefficients

were based upon a coincident set of meteorological rocket network (MRN) and SCR

data . The 13 MRN s t a t i o n s  used , primarily from the NH , are described in Table 1.

Rocket soundings were taken about once a week at each station , but not

usually when the satellite was passing over the station ; therefore , the numb-’r

6 
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season and Ia t i tiidt’ . To t’tSnOve’ thi i s eftc- e I , month 1 y zona  1 means t e l  t h e  d i  u r m i - t  I

di I icrences lot- all channels ot both SCR-A and SCR-B were ’ coinpu t - d . Then ,

i nec ’r p o l at  i n g  in  1 . 4 1 1  t ude  a~d i n  t line , we app lied t h e s e  d i l l  e’re ’iiet’l ; I o

;iscend i ng da tum , ci fec t i ve l y mak ing  each r a d i a n c e ’ a ni gh t  tiiii& ’ t ,ul i anc e’ -

B, ~~~ression

The t ime  set’ it ’ s d iscussed In t i l e ’ las t se ’ct ion were interpol ated , iii

t ime , t e l  the times of rocket firings . The interpolation was l i n e a t - , and t h e

maximum I ime separat i-UI el I 8CR data m b r  [hit’ purpose ot  in i o r -p o l a t  I eli Ic ’  ~l

rocke t t ime between thcni) was 4.~ hours , w i t h  one exception : It the gap was

larget- than 4.~ hice ur s , 8CR d a t a  f r c ~n an endpoint of the gap was ,t:~s j i~ i i t - ei t o  l i t

rocket time if the ’ rocket-SCR lime difference was less tRait 6 hours.

In order to develop consistent regr~ ssion model s, i t  was necessar y

to combine the rocket data into 3 sets which represented latitude regions n e a r

60N , 30N and ION , termed “high”, “m id” , and “low ” (Table 1) .  Further , the sta-

t ion groups were partitioned into warm and cold “seasons ” of generally six

months , which were chosen to take into account real atmospher ic changes while ’

allowing for changing instrument characteristics. One of the Se ’. i S c ’l t , l l p 5 l r t l -

l ions was chosen as 17 April 1972 , corresponding with t h t ’ SCR-A c ; m l i b r ; i l i o i i

change ’ wen t  i~~ t i e ’d eat’l icr .

Several functions , X , of the  SCR radiances wet~ c l r u t I n t c d  w i  III e,lCil

eit’~ i red a t m o s p h e r i c  p ar a m e ter .  These SCR func  lions I n c  ludcci h it ’ radi o n c e : ;

thei r squares , square roots , and fourth roots , as well as the’ products t i l e 1

the ratios of t he  radiances.

In the regress ion development a standard screening proccdut- e- was

used . First , Lou t - ci chi atmosp it et’ic pu u a m e’ t e ’r (,predictaud )~ tite’ mush h i g h l y c~’ t —

related function , X 1, was iden tified and the percent of p r e d i c t a n d  v a r t a u c e ’

wh ich  i t  exp la ined  was ca l c u lat e d .  Then the effect of x 1 ~.‘as re ’i ue ’ved from .4 1 1

the other correlations and the’ next most highly correla ted function . N ,. wat s

i d e n t i f i e d  and its contribution to additiona l reduc t ion  of p r e d i c tan d  v .Itianec

was calculated . The procedure was continued for a third and fourth function

but it was found , for both SCR-A and SCR-B , that additiona l funch ie’ns never

led to a significant improvement over a t w o - f u n c t i o n  mode l .  The model was

therefore restricted to two functions . X1 
and X2.
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I l t e ’ [orni of t h e - model  u :,t ’d was

- P + . (X ~ - X 1 ) + A~ - (X
2 

- X 2
) ( i i

where  I’ is  the  p r e d i ct a n d

~
‘ is  the mean va lue  ot the predictand

A . is the coel t i c j e n b  of the i ’ th predi chor , X . - X , and

~~~ . is the  mean ~a lue ’ of the ’  i ‘ th  f u n c t i o n .

The coefficients ~\ were calculated from :

2
— 

~~~~~~~~~ r(P,X 1) - 
r ( P , X 2) . 

r ( X 1, X 2)
el
i 

- 

I - r (X 11 X 2
) 2

r ( P ,X 2
) 2 

- r ( P ,X 1) . r(X1,X2)

2 1 - r(X1,X2
)2

where a denotes standard deviation and r denotes correlation coefficient,

Such models were generated for each predic tand , for each latit ude

region and season . One problem was that two functions which exp lained the most

variance eCuI a p a r t i c u l a r  p r e d i c t a n d  were not general ly the sam e between lati-

tude regions or seasons. However , in almost all cases , nearly as much variance

could be exp lained by functions which were judiciousl y specified so that they

v a r i e d  smooth l y in l a t i t u d e  and season. By vary ing  smoothly is meant that one

of the  f u n c t i o n s  X mus t  be the same for adjacent  latitude regions in the same

season or a t  a d j a c e n t  seasons in th e  same l a t i t u d e  reg ion .  (Due to t i l e  change

in character of the SCR-i\ r ad iances  a f t e r  17 A p r i l  1972 , smoothness in t h i s

time transition was not required). Al though by specifying the model some theo-

retic ally exp la inable variance was lost , this method was preferred because i t

insured smoother derived meteorolog ical parameters across t ime and latitude

boundar ies. Very li ttle degradation of results for individual seasons or lat i-

tude regions was caused by the adoption of this restriction. In the two cases

where the penalty for imposing smoothness was judged too high , the res tric ti on

was not enforced .

It should be noted that the secondary screening procedure was redone

when the specified differed from the truly most highly correlated function .

9
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In this way the  o p t i m u m  cho ice  fo r  was assured .

Appendix A c o n t a i n s  cit t a i l s  of t i t e ’  mode ’ i s .  ‘l ’hie ’ I i rs I gr o u p  e l i  en I r I c - s

for each level/latitude/season (i.e. “Run 1”) shows the functions used , pr edic -

tor coefficients , and the percent varianc e explained by the mode l .  (See p.  A -2

for com p lete details ot entries. Also , note that the results for layer mean

LeInpe’ratures way be v i ew e d  i n  term s of t h i c k n e s s  by n o t in g  t h a t  l °K c-~ 2 1 , 27 .
2 1 , and 27 m in the 10-5 , 5-2 , 2-i , and 1- .4 nib l ayers , r e s p e c t i v e l y . )

Also listed in Appendix A are results of tests of t h e- mode l which

were performed on independent data in the following manner: For each pred ic-

tand /latitude-region/season , a model (using the specified functions) was devel-’

oped from onl y 85 percent  of the available rocket-SCR pairs. Tiii s model was

then used to compute the predictands for the remaining 15 percen t  of the  radi-

ances , which were then compared with the coincident rocket parameters. The mean

, r r or  and the standard deviation of the error are given for five such tests ,

each of which used a d i f f e r e n t , randoml y-chosen , 85 p er c e nt i l 5  percent  combina-

t ion of dependent/ independent  data . It  is seen tha t  n e i t h e r  the var iance  ex-

plained nor the coefficients vary greatly as a function of dependent data set ,

and that the standard deviation of the error of the predictions is usuall y far

less than the standard deviation of the dependent (rocket) data.

These independent data tests were also useful in determining whether

the prescribed X1 and were a c t u a l l y  as good as their “percent variance ex-

plained” advertised them to be. Often , a model which was slightl y inferior in

terms of percen tage variance explained , but which was more consistent with re-

spec t to its nei~,hbors (in latitude and season), could be shown to be of equiv-

alent quality when applied to independent data. in these cases the more con-

sis tent model was the one finally used.

• Averaging of the standard deviations of the errors of the five inde-

pendent data tests yields the following accuracies: At 10 and 5 nib , the error

is about 3°K generally increasing upward to about 5.5°K at .4 nib, The error

of the layer mean temperatures is generally about one-half degree less than

the errors at the bordering levels.

10
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As NMC 10 nib t emperature is available north cit 20°N , i t  was realized

it should be a good predictor of 10-5 nib mean temperature and other parameters

as well . However , Siflce’ i t  was not a lways availabl e , and neve r  f o r  the  t r o p i c s

and SH , use of N1IC data was tir st excluded from the regression. Later i t  was

telt better to ut jlize whatever data did exist to  optimize Cue regression , even

i f  for onl y north of 20°N. A new set of models was developed , th en , using N MI

10 mb temperature as a possible predictor .

However , i t seems that N!’C and t ’ffiN 10 mb t e m p e r a t u r e s  are -  not a l w a y s

w e l l  c o r r e l a t e d , and after investi gation i t  was decided to use MRN as the  stand-

ard . A ppend ix  B shows d e t a i l s  of the  pe r fo rmance of the regress ions  when and

where  NML 10 tub t emperature is a u s e lu l  p r e d i c t o r ;  a t  o the r  levels  and seasons ,

A ppendix  A r e s u l t s  are  p r e t er a b l e .  T h i s  shows t ha t  the  p r e d i c t i o n  of tempera-
U

t u r e s  at  10 nib and in t u e 10-5 cub layer are improved by abou t one-fourth degree

due to use of NMC 10 nib t emperatures .  I t  i s  be l ieved  tha t  the  accuracies

presented tn  Appendices A and B are q u i t e  good , especia l ly cons ide r ing  the p

errors pre sent in the data before cleaning .

VI. APPLICATION TO 5CR- B ORBITAL DATA

The mode ls discussed in the last section were used to calculate atmos-

pheric parameters from SCR-B orbital data. A full set c f atmospheric parameters

was computed for every major frame having data , with the data first being cor-

rected b r  .0110 1 monthl y mean diurna l radiance differences , as explained in

Sectio n V-A. Severa l decisions were required concerning smoothing , use of

10 nib ( NMC ) data , and Southern Hemisphere processing , and these are outlined

be I ow .

A. Smoothing

it was desirable to insure smooth transitions of computed atmos-

pheric parameters across time and latitude boundaries. The time - boundaries

are shown in Appendix A; the latitude boundaries in the NH were’ chosen to be

22.5°N and 42.5°N (SH processing is discussed later). Smoothness in latitude

was accomplished by 1) computing the parameter using both sets of statistics

wi thin a +2~ degree “window” of the boundary , and 2) forming an appropriately

weighted averaged , based on location relative to the boundary . Smoothing across

time boundaries followed the same procedure , with the “window” being +4 days.

11
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B. Use u t  10 nib (PIIC) Data

Tempera ture  and he i ght  at 10 mb on the 1977-po in t  NMC g r id  were a v a i l -

ab le - , j ctd . w k l L ’c i  r e~iu i red , 10 nib t e inperatu ic  was used .is a p r e d i e L o i - of  pie r~1m t - b - r ~
n o r t h  of 2 0N  - To 10 tub hei ght  can  be added the l aye r  lii i ckt i e s s e - s t o  d e t er m i t i c -

h e i g h t s  of 5 , 2 , 1 , and 0 .4  mb.  Since the NMC g r id  was onl y a v a i l a b l e  onc e a

day ( 1 2Z ) , 10 nib f i e l d s  had to be ( l i n e a r ly)  i n t e rpo la ted  in t ime , as w e l l  as

space, to the sub-satell ite points . The maximum gap over which  i n t e r p o l a t i o n

was a l l o w e d  was 48 h o u r s  ( 1 m i s s i n g  d a y ) ;  fo r  longer gaps the  r e g r e s s i o n  models

not u s ing  10 nib f i e l d s  were  used .

C. Son t he  ni Hem i sphere Process [pg

No extratrop ical SN rocket stations had enough observations to e l luw

stable regressions with 5CR data . lt was ther’efore necessary to apply , in

the SN mid-latitudes (22.5°S to 42.5°S) and high latitudes (poleward of 42.5°S),

models based on NH regressions in the appropriate time of year ( i . e ’ . w i n t e r  or

suz~~er h a l f - y e a r s ) .  Of the four  NH regression periods , onl y the m i d d l e  two

( 16 A p r i l  - 15 Oc tober 1973 and 16 October 1973 - 15 April 1974) were used for

this purpose.

In the SH trop ics , the sante regression model was used as was used

in the NH tropics . No 6-month time shift was applied , since the amp litude 01

the annua l wave in t empera ture  is  small  ( less  than  2°K from 10 mb to 1 cub and

less t han  4°K a t  .4 tub ) in the t r o p i c s  (Refe rence  7 ) .

Procedures  to assure  smoothness  over the t ime and l a t i t u d e  boundar ies

were the same for  the  SH as for the NH.

VII. RESULTS

The SCR-B radiances have been used to es t imate  the t empera tu re  at 10 ,

5, 2 , 1 , and 0 ,4  mb and the mean temperature and thickness of the layers be-

tween these surfaces, along the orbit , for the Northern and Sou thern Hemispheres.

In the next phase of this work , the heights of the Same surfaces at lati-

tude-longitude grid points will be computed for use in obtaining planetary waves ,

for the five-year period of record of SCR-A and SCR-B. This will require care-

ful space-and - time-interpolation of all the data .
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Table I

R i ck e t s o n d e  S t ar .  i on s  U s e d  t on Regressions with SCR-A ~:nd SCh-fi

L a t i t u d e  S t at i ci
Cr ou ~~ing _No. Station Nam e L a t i t u d e  Long i tude

ft202 T h u le  7 6 . 6N  68 .8W

F r . .  u r e e ly  64 .0  145.7

High ‘~ 70192 - o~-e - r Fl:~t s  (.~5 .0 147 .5

72913 F’ . Churchill 58.7 93 .8

721 2.+ Primrose Lake 54.8 110 .1

72-~U2 Wallops Is. 37.8 75.5

7239 1 P t .  Mugu 34.1 119.1

Mid 72269 W h i t e  Sands 32 . 4  106 .5

74744 Cape Canavera l  28.5  80.5

9 1l6~ Bark ing  Sands 2 2 . 0  159 .8

78861 Ant lgua 17.2 61.8

(78783 Ft. Sherman 9.3 80.0

Low /8801 Ft .

91366 K w aj a l e i n  8 . 7  1 67 . 7 E

61 02 Ascension 8.OS 14.4W
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Fi gure 6. (a) I~ batanc e correc ted channel A radiance . from part of
N i~ bu e  4 readout orbi t 1479.

A !

[H
Fig ure 6. (b) Radiance , of 6a smoothc d 

- .-—~~~~~‘- - ~~~_ — - - - - -- -.tw i ce  w it h  a fiv e -po int running mean. ~~~

- -

— - - - - ____
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Figure 6. (c)  Radiance,, of 6a 
- • - - - - -smoothed four times with a five-point

running mean. 
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APPENDICES

A.  S t a t 1s t i c ~i 1 accuracy  of temperature retrievals from SCR-B radiances

at m e t e o r o l o g i c a l  rocke t  ne twork  loca t ions , not us ing 10 tub NMC
temperatures. These show the regressions used for the regions

south of 20°N.

B. Same as A , fo r  those a tmosp h e r i c  parame ters , la titudes , levels , and
periods fo r  w h i c h  10 rub t e m p e r a t u r es  improved the retrievals , i .e.

where “2” is indicated as a predictor . These regressions were used

nor th of 20 °
N .

A- I 

~~~~~~~~~~~~
--

~~~~~
— - -

--- ---— - ---



—.
~~~~~~

-— —
~
-- - --

I~X l’ l \ N A l O k Y  ~-A) l  }-~
- FOR Al’ l’L~ l1 ft ES A AND B

Ac cur ac t l i f lS j ’ 7 r i r t t r r ~- R 7 ) t r  i eva!~_ f rom _ SCR- 14 R~~id  i ancc’s at MRN I.o -a ii uri s

1. R e g r e s s  i on mod e l s  t o r  t -~-~p e ra u r t - and mean I empera t ures • devi’ loped u s i ng al l
ava I lab i~’ r- ocke 1 d a t a  • a i- c shown in run 1 . These models wi -re then t i-s ted as
fo l l o w s :

a. For each s t a t  i en ~r~’up and pt -c l &~d , a rand nnr lv c ho s e n  15 percent  of the
ava i lable ~~~R N  o h s~ - 1\ : i  I I c ’tI5 we cc- Si’ t as i di’ to S & i V c ’ as an independent test
set , and the t-crua in I rig ~~~~‘ percent were used t o  develop a r e g r e s s i o n  mo de l

b. Thi s t i g  rt -~-s l o t s  :nod~- I was applied to the r ad ianc~-s o cc u r  i ~~ a t  the  o ther
15 p er c e nt  ol t sc ~!KN I oc~_ & t i on s  and t imes  , w i th  a ni su It i ng mean c-rror
and s tandar d  dew i at  ion ot t h e  er ro r  as Shown in the l i s t i n g .

c. Steps a and b were  r epeat ed  f o r  f o u r  more , ~~Jt~-re3~t , sets of random
d a t a .  These five ve t - i t  ( c at  ion t est s art’ shown tsndc - r runs 2 — 6.

2. ~~~~~~~~~~~~~~~~~~~~~~~~~~ r a b i e s :

A B D F I
C E C J

I-I K

A — Run number
B a Prima ry p r e d i c t - o r ( S t -C 3 below) used in the  model
C a Seconda rv p r7 -d i e tot used in the model
V a V a r i a n c e  exp 1 a i uc~cl by a mode I which uses oul ~ the primary predictor
E — Variance exp l a ined  by the f ull , 2 - pr ed ic t ot - node!
F — Mean of the rocket data u sed  in  the  model , P (see  eq. (1) in text)
C — C~ c-f f I C It ’nt  o t~ t he  p r i m a r y  p r e d i c t o r , A 1
H — C o e f f ic i e n t  of the sccon~ta1-\ - p r e d i c t o r , A 2

Number of ohsc r~’:it ions ( run  1) ,  number of independent caseS t es ted
(runs 2 -

J Mean error ot the independent cases (

i 
K~ . ~

ppl I es only to runs 2 — 6
K — Standard  dcv t a t  ion t °K) ut all t h e  rclc ket dat a (for run I ‘

~ 
; s tandard

devia tion (°K) o f t h ~~
- error for the independent test cases (for runs

2 - 6 )

3. Explanat ion of predic tors. (Note: R1 ch B12 radiance , 
~2 

cli 823 ,
R3 ch B34, R4 ch B4 . l

2 • &~1C 10 tub temp 6 — 10 R
1 

. R
2

3 R  . R
4 ~~~~~~~~~ 1 1 R

1 
.

8 R
3~ 

1 2 R
1 

. 1(
4

5 s R
1

/R~ 9 — R
4~ 

13 m R
2 • 5

4. S t a t i o n  srou gs ‘ii each page are for high (60°-7S°N~~, middle (30
°-a.O°N), and

~~~~ low (10°S—2() N) l a t i tu d e s , ar ran ged  f rom top to bottom . From left to right ,
are 6— month peri ods ( w ea r  da’,- . T€-snpt-rarrires f o r  5 It’Vt’lS are shown f i r s t
followed by 4 mean-layer- temperatures.
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$ 90. .1006.)  .1 7 5)  . 7 , ~~7 8  - • 3 II. .105 ~~’3 ‘.3 1 46. .1021.3 ‘.5
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.5*44 .3  3.2 .1401 4 3.3 1.54 4 0 . 5  ‘ .6414. 0 3 . 3

4 5 53. 2 3 0 . 5  13 S 43. 2 7 0 . 9  I) I ‘S. Z S s . *  0 * II. ilLs 03
• 94 , - 1150 ‘2 4 .4  5 93. .445142 4.? 1 1*. .4467 ’? 4.7 2 52, • 5 5 1 4 . 1  .6

.3991.3  1.1 ,5~~7(. 3 0.5 . 20* 0 4 3.9 — . 5/ 5 0 . 3  0.6

I I $1. 399 .5  S * 90. 0 7 1 . 4 4 I 55. 25 s . ?  II £ 90.  051. 7 1*
S Ia.. .2751 .? — 4 .6 0 SI. . 4 2 5 0 . 2  3 .4 3 71. .4 . 0 . ’?  1.7  1 5 .’ . .1991’) - .1

.SSI(’2 5 .3 • 1311 .1 1 .9 .1944 ‘0 3.3 ‘.1*71 ‘.

4 3 II. 237 .) 9 5 90, 3 0 1 , 7 Ii 0 56. l 3 s ,9  25 5 SI. .‘0 I . • 33
* 90. P2 4 5 1  ‘2 -2 . 1  S 9 / .  .6001.1  .9 3 4’ .  .S ’ . 1~~’2 ‘ .0 92. .4’l 3 ‘.1

.02 21.2 4 .2  • I*31 2 3.1 .11)1 ‘2 5.6 . 4 5 7 4 . ?  ‘ . 4

0 0 4 0 * 0 4 1  73453 12340 loiS, 7.755 7 9 0 0  4 * 7 * 7 0 1 2 1 ) 1

5(5000 73 ,397 — 73/113 7 3 / 0 0 *  — 73,2.5 73/259  — f~ ’ l I 3  04,115 — 14/340

SIll

3 4 1$. 255 .2 *57 5 IS. 065 .5 150 a. IS. t0. 7 001 3 IS. 254 . 3  3 0 5
1 0 7 .  . 0 2 5 4 . 2  1.1 5 33. . 1 7 .5 . 4  5 ,5 S 39. . 7 .

~ 4 5. 1  S 39 , . 0 0 0 7 . ?  3 4
. 5534. 1 3.3 .03 94 . 2  0 ,4 .3 *21 4 4 .5 .S 9 . I 4 7 . 5

2 4 17. 205 .2  24 5 II. 363 .0 a. ’  * 10. 05. .I 7 ’  5 13 b ’ ’  8?
$ ~~~~ .2 5 0 4 - 2  .3 * 2* .  .1145 .3 .2 4 34. .3~**4 — 0.1 • 31 

.5418 .1  4.5 .4 3 7 1 .3  8. 9 . 3 s s ~~’l 5 .7

5 4 03.  214.? 2* 0 04 .  209.5  37 4 09 2 4* 4  31 5 35 , ?0~~.I .5
$ II. .1551.2 — .2 * 20. .2/ 05.2 — .0 I 25 1 1.5 5 92 .  . 4 7 . 3 4  1 , 1

.4011 .1 4.4 .3101.2 3.? . J 3 5 7 ’4  0 .4  4 )5 7 4 2  1 . 4

4 4 *9 . 244.0 25 9 20. z .s .1 4 5  4 II ~o . ,s 45 “ Is .~~~~~..0 SI
1 14, .29 35 .2  .2 * 24 .  .3 7 9 0 . ?  - . I 5 4 5  2 .0 4 19. - 9 * 3 0  • I •

.4901’I 4 . 9  . ‘ s. l ’i 3. 5 .0 0 0 7 . 2  3,3 . 0 3 4 4 4  3..

$ 4 *4 . 356.1  * 0  8 04 2 0 3 . 9  21 4 1$. 34. 5 30 5 Ia 25* 1 54
5 IS, .0783.2  .9 5 23 - I .) S 29  , ,)~~s 7 ’/  ‘ .2 5 3* S I - I  4

.5901.1 3.5 . 5 1 1 1 . 4  LI .)~~‘i-2 3.0 . 5 1 * 1 . ?  3 .5

* 4 03 . 300 .0 29 4 IS . 245 .4 *5 5 3 ) .  / 5 .  - - .2 S I’ - 91
3 09 . .205 1 4 1 . 4  5 II . .3 1 4 7 4  -4 5 03 ‘ .5  * 1* - .2

.0*44.3 3.4 .4 63 8 . 3  5 .4 _ 3.5 7 0 4.9 .3591.? I _ I

$35100145 910s1 ISIII 155 0* ‘13*0 50052 II,’. 3 . I I I I I ’ 3 ( S I

Pt9100 71/047 ‘ 7)/ Ill 73/11*  — 73/390  731404 — 74 ’ lll 7 4  * 4 *  — 15 755

SUN

I $ 30. 245. 4 91 3 20 l OS . .  I s ?  4 II. 4lp ,~ II’ 3 31. 004 .0 2 5 0
5 39. . 0 % 2 1’ l  5.3 4 05 0 3 ,5 4 II. .1 7 5 7 . 7  .i 4 33. .4 5 . 0 . 0  5 . 9

4501.2 4,0 .1540 .2 3,5 • I.51’l 1. - ‘.3134.2 5 .3

O $ 31. 0*5 .4 *1 S (5. l~~54  25 3 2 5 .  2 . ’~~) Ii 1 3. . 255 .. 4 5
S Si. . lS 7 1 . 2  .S a. 39 i .t * 13 . 4/37 .2 .2

.344 1 . 2  3.6 ,34S( 4 3 ,5 ~~~~~~~~~ 1.3 - . ‘. 9 0 ’ .

3 1 25, 315.1 0* 5 2.. l5*.1 J5 3 *5 .  25’ .. 3. * 37 , 355 .4 14
S 33. . 1 9 4 8 . 3  ‘ 1.4 4 .7.. .3 521 .?  ‘ . 0  4 IS. .1,91-i  .5  4 30 2

.3361.2 3,3 .3451.1 3 ,9 . 1 o 4 l 4  3 .3  - .II. l ’ /  ~.9

3 3 31 . 015 ,5 19 9 30, ?~~e . l  00 4 02 .  0 5 7 .5 1’ S 39 . 75~~.0 2’
5 03 .  .0931 ,2 .0 a. 3 1. . . / . ‘ / - .4 4 4 4 .  . . , . -  — .1 a. 00. .•9I7 4 .4

.03404 2.5  . 1 1 3 1 .2  1.0 .I s.~~4 1,1 ‘.0331.0 ‘ . 4

5 39. 355.4 7 , 29. to s . 0  . 1 IS.  257 ,5 00 5 04 , 3 .8 .4  55
S 63, . 0 4 4 4 . 2  .7 4 32. .3304.2 ‘.5 a. II . .l l TO ’ 3  ‘.I 4 3* , ..477.? .0

.3111.3 4.4 , .3344 .2 3 .5 . Ia.t ’ i  3.? - .2370 .4 1,5

S 5 39. 065 .5  II $ tO . 246. 0 27 $ 05. 357 , )  35 3 II. ( 4 3 .0 4 7
S 37.  . 1 5 1 3 . 3  .3 4 24. . 3 254.2  ‘ . 0  4 II. .1910 4 .s a. II - ‘3’ - . 0

.3020 .2 3,5 .1*33.3 0.6 - 2 * 0 0 . 2  0 . s  ‘.4 / / I ’ .’ 14

A -fl

-

~~~~~ - ______ - —-~~~~~~~~~~~~~~~~ 

- - 

~

- ~~~- 
2~~~~~~~~~~~ 

3J,~ 3LJUiL



r

00.5 SI 119P1117251

5 7 1 7 1 04 5  $3292 7 0* 4 2  7 2 9 5 )  7 * 0 2 *  11149 1*117,018 *

5 5 4 ) 00 0 0 2 ) 4 1  — 1)1115 11111* — 0 1 4 2 5 5  1)4059  — 13,105 74/5 *5 — 0,3)00

I 1 00 ,  2 2 1 . 0  II II. 0 ) 4 . 7  0 5 04 .  2 0 5 . 1  0 5 45. 121.1 4
0 79. • 1* 1 1— 2  0.0 I IV. .*401-2 0.0 4 54. .9 * 5 3 ’ ?  0.0 4 9 .’ . - 70 *1-i 0.0

.5 055 .5 7.)  .1,45.2 0.9 .213 I. l  5 0 . 4  — .2 0 0 5 ’ :  • . 0
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